The dependence on chemical fertilizers for the future of agriculture will result in additional soil health losses, possibility of water contamination and continued currency avoidance due to the increasing dependence on imports. The indiscriminate use of synthetic fertilizers has polluted the soil and watersheds, destroying useful microorganisms and insects, what makes crops more susceptible to diseases. Considering this critical scenario, microorganisms have stood out as a potential alternative for maintaining the productivity, reliability and sustainability of the global food chain. In order to increase the productivity and/or reduce the amount of fertilizers, as well as to meet the requirements for the use of low-solubility phosphorus sources, microorganisms were isolated from the rhizosphere and artificially cultivated. Subsequently, they were selected regarding their potential for solubilizing phosphorus and incorporated into a low-cost matrix. A microbial inoculant was thus developed and tested in a coffee crop. It was possible to formulate an inoculant based on an isolate selected from Aspergillus niger, using an inactivated seed and sodium alginate as matrices. It was also observed that there was a greater correlation between the evaluated parameters and increasing doses of the inoculants when Araxá apatite was used as source of phosphorus, proving the importance of the inoculants as release factors and availability of phosphorus in the case of sources less soluble, giving Brazilian agriculture greater autonomy in the input market.
INTRODUCTION
Phosphorus (P) is an element that deserves special importance because the absence of this nutrient in the tropical soils cultivated with coffee is common, which, in general, have low phosphorus content available and predominance of acidity. Moreover, this nutrient is quickly fixed by the clay fraction in Brazilian soils, forming less soluble compounds (Laviola et al., 2007) , that is why only 5% to 20% of the soluble P applied is available to the crop, with the rest being used or not, depending on the P reaction in the soil.
These characteristics, summed to the high rates of phosphorus adsorption, have been considered the most severe limitations for the cultivation in these soils and consequently for the increase of productivity, since applications of high dosages of phosphorus are required.
It is important to consider that phosphates are scarce and non-renewable natural resources and, therefore, they should be more efficiently used. The availability of soluble phosphorus for the application of natural phosphates is subject to their slow solubilization, what limits the Selection of fungal isolates with potential for ... 316 2012).The action of the inoculant on the phosphate solubilization occurs through the hydrolytic activity of the organic acids and production of the enzyme phosphatase,thus allowing the insoluble phosphorus to become soluble and available in the soil (Zhu et al., 2011) .
In bioprocesses, microorganisms have been microencapsulated or immobilized seeking among other factors, increasing stability and maintaining viability of the crop (Górak and ŻYMAŃCZYK, 2017) . Different methods of cellular immobilization, including porous matrix entrapment, such as alginate gel, have been proposed in order to obtain cells with high activity and stability. Researches show that sodium alginate is the most widely used bipolymer for immobilization and is considered an efficient support mainly for the immobilization of microbial cells (LIMA, 2011; TRABELSI et al., 2014) .
The present research aimed to develop and test aninoculant based on a phosphate solubilizing microorganism encapsulated in two different ways andtwo phosphorous sources to mitigate the problem of phosphorus availability and acquisition by the plant in the coffee crops.
MATERIAL AND METHODS
This research was carried out in four steps:
Obtaining isolates of Aspergillus spp. and Penicillium spp.
Soil samples from organic coffee cultivation with 26,3mg/dm3of P were collected in a farm with four years of cultivation in the organic system localizated in Santo Antônio do Amparo -MG, packed and transported to the Laboratory of Applied Microbiology of the EcoCentro / EPAMIG, and the isolates were obtained by the serial dilution method (Silva et al., 2001) . Later, 250μL of the solution was inoculated into 9cm Petri dishes containing 2% MA culture medium and the plates were incubated in BOD at 25 °C with photoperiod of 12 hours. After the development of the microorganisms of interest, the colonies were purified in 2% MA culture medium for later inoculation in the specific culture media aiming the identification of the species and verification of the potential for phosphate solubilization.
Evaluation of mycelial growth rate index (IVCM) and ochratoxin A production
The rate of mycelial growth rate was determined according to the formula described by Oliveira (1991) : application in fast growing crops, thus requiring a prior treatment with phosphorus solubilizing microorganisms (Sharma et al., 2013; Mahanta et al., 2014) .
On the other hand, the excessive use of conventional phosphorus fertilizers to improve agricultural productivity to meet the constantly increasing global food demand, potentially causes surface and ground water pollution, waterway eutrophication, soil fertility depletion and accumulation of toxic elements, such as high concentrations of selenium (Se) and arsenic (As) in the soil (Alori et al., 2017) .
In contrast to the difficulty of phosphate absorption by plants, microorganisms have proven to be an exceptionally rich source of useful products, which vary greatly in terms of their biological activity and structural complexity. The inoculation of phosphate solubilizing microorganisms or the management of their populations has been suggested as a way to replace or reduce the use of soluble phosphate fertilizers, by means of the better utilization of existing or added natural phosphates to the soil and those formed by the application of soluble sources. Soil microorganisms, including bacteria and fungi, solubilize non-available inorganic forms of P. These microorganisms use biochemical strategies, such as the production of organic acids, or a mechanism that involves microbial growth and favors the secretion of protons (H +) (Richardson & Simpson, 2011; Jain et al., 2012 , Krishnananda &Dipika, 2017 .
Among the solubilizing fungi of phosphates, the genera Aspergillus and Penicillium deserve mention. The solubilization efficiency differs between genera and families of microorganisms. Many cases have been observed in which the efficiency of fungi is more evident, although solubilizing bacteria are found in greater number (Alori et al., 2017) .The microorganisms involved in the solubilization of phosphates can also contribute to the plant growth through other mechanisms, for example, by increasing the solubilization, posteriorly improving the efficiency of biological nitrogen fixation (Wani et al., 2007) .
It is verified that phosphorus is the limiting factor for nitrogen fixation by the rhizobia-legume symbiosis, increasing the availability of other elements or producing substances that promote plant growth. Solubilization results from decreased pH or secretion of metabolites as organic and inorganic acids (Seshachala & Tallapragada, 317 IVCM = Σ (D-Da) / N In which: IVCM = mycelial growth rate index D = current mean diameter of the colony Da = mean diameter of the colony in the previous day N = number of days after inoculation.
The determination of ochratoxin A production potential was made using the Plug Agar method, as described by Filtenborg & Frisvad (1980. The isolates presenting the set of favorable characteristics were selected. The importance of the use of a non-producing ochratoxin A isolate is due to the non-favoring of the increase of the inoculum of the fungus in the soil, being considered the main contaminant toxin of the coffee.
In vitro evaluation of the production of acids, citric acid, phosphatase and phosphate solubilization potential and by means of submerged fermentation

In vitro evaluation of isolates for acid production
Mycelial disks of fungi were cultivated in CREA medium (creatine 3g / L, sucrose 30g / L, 0.5g / L KCl, 0.01g / L MgSO 4 .7H 2 O, 1.3g / L K 2 HPO 4 .3H 2 O, 0.05g of purple bromocresol, 15g / L of agar). The plates were incubated with no light for 96 hours at 28 °C with daily monitoring. The appearance of a bright yellow halo evidenced the production of cyclopiazonic acid or other related alkaloids, according to Samson & Frisvad (2004) .
In vitro evaluation of isolates for the production of citric acid
The evaluation was performed using the methodology described by Foster (1949) . The medium used had the following composition: 5 g /L glucose; 1g /L peptone; 1g / L KH 2 PO 4 ; 0.5g / L MgSO 4 ; 15g /L of Agar and 65mL /L of Bromocresol Green solution (0.5g Bromocresol Green in 7mL of 0.1 N NaOH). The pH was adjusted to 4.5. The plates were incubated for 96 hours at 28 °C with daily monitoring. The appearance of a bright yellow halo evidenced the production of citric acid in the medium tested.
In vitro evaluation of phosphatase production
The isolates of Aspergillus niger and Penicillium billai obtained were evaluated in order to determine the capacity of phosphate solubilization in vitro, according to the methodology proposed by Sylvester-Bradley et al. (1982) , which determines the capacity of solubilization of phosphate characterized by the formation of a transparent halo formed around the colonies.
Solubilization efficiency of the isolates by submerged fermentation
Araxá apatite and Single Super Phosphate fertilizers at 3 g / L in GL culture medium (glucose, yeast extract) were used to evaluate the phosphate solubilization capacity of selected microorganisms. Aliquots of 1 mL of the spore suspension at the concentration of 10 6 of each isolate were transferred to Erlenmeyers containing 100 mL of culture medium, with treatments as follows: 1-culture medium, 2-culture medium + Araxá apatite, 3-culture medium + Single Super Phosphate, 4-Culture medium + Penicillium billai, 5-culture medium + Aspergillus niger, 6-culture medium + Araxá apatite + Penicillium billai, 7-culture medium + Single Super Phosphate+ Penicillium billai, 8-culture medium + Araxá apatite + Aspergillus niger, 9-culture medium + Single Super Phosphate+ Aspergillus niger. Treatments were performed in triplicate and incubated at 28 °C under shaking at 190 rpm for seven days. Subsequently, the supernatant was filtered on Whatman N o 4 filter paper. The quantification of soluble phosphorus was conducted at the Water Analysis Laboratory of Federal University of Lavras. The pH of different treatments was determined according to the Association of Official Analytical Chemistry (AOAC) technique (1992) .
Evaluation of different matrices for the encapsulation of Aspergillus niger
Sodium alginate pellets produced according to the method adapted from Lewis & Papavizas (1985) and some seeds were tested to evaluate the best matrix for the encapsulation of the most promising isolates, for solubilization of phosphate and other characteristics. After analyzing the development of the microorganism in the substrate, the most economically feasible support medium that provided the greatest development of the isolates was chosen.
Application of the selected isolates in the phosphate solubilization of coffee plants
Tests started under with a sprinkler irrigation system from the best matrices selected.
Before the installation of the research, an analysis of the soil used was carried out and, in the face of the results, the quantities of nutrients required for the crop were calculated based on the recommendations of the 5th Approach (1999) . The nitrogen requirement of the culture was supplied by the application of Ammonium Sulphate and those of potassium by Potassium Chloride. Moreover, phosphorus was supplied by high solubility phosphate (Single Super Phosphate) and low solubility phosphate (Araxá apatite).
Coffee seedlings used in the experiment corresponded to six months old, Catuaí cultivar, the most cultivated in Brazil, obtained from a nursery registered with the MAPA(Ministry of Agriculture, Livestock and Food Supply), therefore, conducted according to the Good Practices of Nutrition and Phytosanitary Control, located in the city of Nepomuceno, Minas Gerais, Brazil. The experiment was installed in pots with capacity for 8 liters of soil in a completely randomized design with four replicates.
Inoculum Aspergillus niger
The experiment was carried out in four replicates, in a completely randomized design, as described below: Analyses of plant height, stem diameter and root length were performed at the end of one year for the evaluation of the efficiency of the tested isolate.
RESULTS AND DISCUSSION
Obtaining isolates of Aspergillus sp. and Penicilium sp.
The isolates were morphologically identified as belonging to the genus Penicillium according to the key proposed by Frisvad & Samson, 2004 and Aspergillus according to Samson, et al., 2014) .after the morphological identification the isolates were sent to complement the molecular identification and deposited in the Collection of Culture of Microorganisms of the Department of Food Science (CCCDA).
Overall, 40 isolates of Aspergillus niger and 20 isolates of Penicillium spp. were identified. Only one Penicillium billai isolate was identified and two were identified as Penicillium citrinum and the others were considered Penicillium spp.
Evaluation of mycelial growth rate index (IVCM) and mycotoxin production
It was observed by means of the index of mycelial growth rate that the fungus A. niger (0.48cm) developed faster than P. billai (0.41cm), a relevant characteristic for the best biotechnological use of the fungus (Figure 1) .
Regarding the production of mycotoxins, the absence of production of Ochratoxin A was observed for the isolates A. niger and P. billai. However, the production of citrinin by P. citrinum isolates under ultraviolet light with λ 366 nm wavelength in CAMAG (UF-BETRACHTER) chromate monitor ( Figure 2 ) was observed.
In vitro evaluation of the production of acids, citric acid, phosphatase and phosphate solubilization potential and by means of submerged fermentation.
In vitro evaluation of isolates for acid production
The potential for acid production by the fungi tested showed a superiority of Aspergillus niger in relation to Aspergillus billai ( Figures  3 and 4) , since the modes of action of the microorganisms on the solubilization of the parameters from decreased pH or secretion of metabolites as organic and inorganic acids (Seshachala & Tallapragada, 2012) . Figure 3 shows that the A. niger isolate (A) had a high acid production potential, while the P. billai isolate (B) did not indicate this potential. Figure 4 shows the formation of a halo for the production of citric acid by the isolates A. niger (A) and P. billai (B). It is observed that both produced citric acid, but with distinct intensity for A. niger. , Lavras, v. 14, n. 3, p. 315 -325 jul./sep. 2019 Selection of fungal isolates with potential for ... 320
Coffee Science
In vitro evaluation of phosphatase production
The action of the inoculant on the phosphate solubilization occurs through the hydrolytic activity of the organic acids and production of the enzyme phosphatase, thus allowing the insoluble phosphorus to become soluble and available in the soil (Zhu et al., 2011) .
The phosphate solubilization potential evaluation by A. niger and P. billai isolates showed that only the treatment in which calcium phosphate was added showed the production of phosphatase by the isolates, represented by the formation of a translucent halo around the colony, more evident for A. niger Figure 5 .
Efficiency of solubilization of the isolates by submerged fermentation
In liquid medium, Aspergillus niger had a high effect on the solubilization of phosphorus in the Araxá apatite phosphate form, about three times higher than the control (without the inoculant). The isolate was also responsible for the reduction of pH in relation to controls without inoculation.
In relation to P. billai, the results concerning the solubilization of phosphate in liquid medium confirmed the in vitro tests. Therefore, the present research was carried out with the isolate of Aspergillus niger. Table 1 shows the results regarding the confirmation of the solubility of phosphorus of the selected isolate in the previous step.
The study by Chuang et al. (2007) demonstrated the positive correlation between phosphate and acidity. According to these authors, there is a need for acid production to occur the solubilization, which mechanism was also reported by Vassilev et al. (2006) , with citric acid being considered a solubilizer. According to Barroso & Nahas (2008) the increase in the titratable acidity leads to a decrease in the final pH levels, corresponding to an increase of the soluble phosphate content.
Evaluation of different matrices for the encapsulation of the isolates
The different matrices tested showed the same efficiency in terms of fungus viability (Figure 6 ), indicating the potential of inactivated seeds as a lower cost alternative (BASHAN et al., 2014) . The results of the evaluation regarding the effect of inoculants application are presented in Figure 8 at 11.
Application of the selected isolates in the phosphate solubilization of coffee plants
Inoculum Aspergillus niger
According to the results presented in Figures  8 and 9 , with the use of Single Super Phosphate, it was observed that the treatment with inoculants 1 and 2 did not present significant differences in relation to plant height and stem diameter and significant positive correlation for the length of roots.
When the source of phosphorus used was Araxá apatite, a significant positive correlation was observed with respect to all parameters evaluated when inoculants were obtained from inactivated seeds ( Figures 10 (A) , 10 (B) and (10C). In addition, when the inoculant was obtained from sodium alginate pellets, and positive correlations were observed for plant height ( Figure 11A ) and root length ( Figure 11B ). , Lavras, v. 14, n. 3, p. 315 -325 The inoculants tested in the present study promoted better development of the plants at the highest tested dose (15g) independent of the source of phosphorus used, confirming previous data on the importance of the role of microorganisms in increasing the availability of phosphorus to plants (Torres and Prager, 2013 ; Sisneros et al., 2016 ) Krishnananda & Dipika, 2017 .
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The results confirm the solubilizing potential of the A. niger fungus initially selected for its higher potential for the production of the enzyme phosphatase and citric acid, confirming previous work (Richardson & Simpson, 2011) .
In the case of sodium alginate encapsulation and the use of an inactivated seed, it was observed that although sodium alginate is a more used matrix for the encapsulation process of microorganisms (LIMA, 2011; TRABELSI et al., 2014) , results similar in relation to the development of the plants, but with a significantly lower cost were observed by the use of an inactivated seed.
It was also observed that there was a greater correlation between the evaluated parameters and increasing doses of the inoculants when Araxá apatite was used as source of phosphorus, proving the importance of the inoculants as release factors and availability of phosphorus in the case of sources less soluble, giving Brazilian agriculture greater autonomy in the input market. 
CONCLUSIONS
Phosphorous solubilization tests of Araxá apatite (low solubility) and Single Super Phosphate (soluble) from microorganisms prospected, indicated the superiority of A. niger fungus in relation to the P. billai isolates.
It was possible to formulate an inoculant based on an isolate selected from Aspergillus niger using inactivated seed and sodium alginate as matrices.
The best results on the development of plants were obtained by using an inactivated seed inoculant and the A. niger fungus applied at a dosage of 15 g per plant for the Araxá apatite fertilizer.
